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WATER RESOURCES DEVELOPMENT PROJECT

POINT JUDITH
RHCDE 1SLAND

 DESTGN MBIORANDUY KO. 3

HYDROLOGY AND HYDRAULICS

INTRODUCTION

1. PURPOSE

This memorandum describes the hydrologic and hydraulic criteria
applicable to the design of structures included in the Point Judith
Water Resources Development Project. Part I - Hydrology, includes
sections on climstology, rainfall and design runoff., Part IL -
Tidal Hydraulics, presents data on experienced tidal flood heights,
the determinstion of design tidel flood levels and associated weve
heights, wave runup and overtopping.

2. DESCRIPTION

The Point Judith ares of the towns of South Kingstown and
. Narragensett is on the Rhode Islend coast about 40 miles south of
Providence. There are 3 miles of barrier beaches between the low
headlands of Polnt Judith on the east and Matunuck Point on the
west. Behind the barrier heaches are three large interconnected
tidal ponds, Polnt Judith, Potter and Upper Ponds with & combined
ghoreline of sbout 16 miles, extending north about 4 miles to the
village of Wekefield in the town of South Kingstown. The Federal
breaskwaters that form the Harbor of Refuge inclose the eastern
half of the ocean shore and the Breachway, a stabilized inlet for
navigation to and from the ponds. Plate l-l shows the location
and genersl plan of the project.



PART I - HYDROLOGY

3. DRAINAGE AREAS

A The drginage areg of the Saugatuckett River is rectangular in
shape, approximetely 6 miles long, 3 miles wide and contains 16.7
squere miless The river originates in the swampy area of North
Kingstown, Rhode Island and flows in a southerly direction for
gbout 63 miles to. Silver Spring Cove of Upper Popdy Approximately
5 percent Qf the aree is residential, 30 percent in swamps with
many mill damg and reservolrs, and sbout 65 percent forgsted which
amply regulates the flow into Upper Pond.

The local drainage ares begins at Upper Pond and encompasses
9.7 square miles bhordering the ponds, and runoff flows directly
into Upper, Point Judith and Potter Ponds. Most of the area ik
composed of flat brushland, swamps, forests and scattered ponds and
is not considered to be effective in contributing to Prapid runoff.,

The three interconnecting ponds, nemely, Potter, Point Judith
and Upper, cover aress of 560, 2,250 and 280 acres, respectively,
at elevation 10 feet above mean ses level. ‘

CLIMATOLOGY

b, CLIMATE

The Point Judith area has a temperate humid climate merked by
four distinet seasons which are characteristic of ite latitude and
of New England. The area is in the zone of interaction of tropical
and Arc#ic alr masses resulting in changeable weather varying from
hot and cold, and dry and wet. Owing to the moderating influence of
the nearby Atlentic Ocean, and particularly to the varishle easterly
movement of high and low pressure systems across the ares, extremes
of either hot or cold weather are usually of short durstion. In the
winter, coastal storms frequently bring rainfall in contrast to show
in the more northerly areas of New England. In the sukiper, cooling
relief from hot, humlid weather is provided by easterly and southerly
sea breezes, thunderstorms from the west, and cool air from the
north. Prevailing winds are northwesterly in winter and southwest-
erly in summer. High winds, heavy rainfall end abnrormslly high
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tides may occur during any month of the year. Hurricanes and tropi-
cal storms occur during the months of August, September and October.

5. CLIMATOLOGICAL RECORDS

Since 1889 a U, S. Weather Bureau station has been maintained at
Kingston, Rhode Island approximately 8 miles north of Point Judith.
The records are consldered to be representative of the climate at
Point Judith. ‘

6. TEMPERATURE AND PRECTPITATION

The average annusl. temperature at Point Judith, hased on Kingston
records, is 48° F. The coldest months, January and February, have
mean temperatures of 28° F; snd the wermest month, July, has a mean
tempersture of 69° F, The lowest temperature was -~23° F. on 11
January 1942, and the highest 99° F. on 9 August 19%9.

Annual precipitation has ranged from a minimum of 32 inches in
1943 to a maximum of T2 inches in 1898, Average annual precipitation
is 48 inches, distributed rather uniformly throughout the yesr. Aver-
age monthly precipitation varies between 3.2 inches in June and July
and 4.5 inches in March. Extremes of monthly precipitation have
renged from 0.0k inch in June 1949 to 13.56 inches in August 1952.

Monthly temperature and precipitation records are summarized in

Table 1l-1. Snowfall occurs from November to April, averaging 33
inches per year.

RAINFALL AND RUNOFF

T. HURRICANE RAINFALL

The greatest recent rainfalls recorded were for the dissipating
hurricanes, Connie and Diane, in August 1055. During 11-l5 August,
hurricane Connie caused rainfall varying from about 4 to 6 inches
over southern New England and ended a period of drought. A few days
later during 17«20 August hurricane Diane produced rainfall from 16
to 20 inches over Massachusetts. Although Point Judith did not re-
ceive excessive rainfall in elther of these storms, hurricane Diane
d1d cause a record fall of 13.1 inches in 55 hours (4.1 inches in 6
hours) at West Mensfield, Massachusetts 42 miles northesst of the



Month

January
Februaxry
March

April
May.
June

July
August
September

October
Novenber
Decenber

ANNUAL

MONTHLY TEMPERATURE AND PRECIPITATION

TABLE 1«1

Tem_perature in Degrees F.

KINGSTON, RHODE ISLAND

(¥Tevetion 100 feet msl)

Precipitation in Inches

Moximpum  Minimum

O\ W o=
N A N e

0.83
0.67
0.23

0.22
0.
onones)

0.43
0.79
0.35

0.27
Ool“l
0.83

Mean DMaximum  Minimum Mean
28,0 63 -23(2) 4,50
28,0 6l -22 3.99
35.7 82 - b 4,51
45.0 85 8 4,35
63.9 96 30 3,20
69,4 98 38 3.20
8.1 go(L) 33 R.b3
62.0 95 25 ~ 3.T3
52.1 87 13 3.83
k1.5 76 L 4, b2
1.0 65 -17 4,36
48,3 99(1) -23(2) 148. 33

9 Aug 1949
11 Jan 19L2
1952
1949
1808
1943

70.22(5)  51,76(6)



Point Judith area. On 16-17 September 1932, a tropical storm pro-
duced over 12 inches of rain in less than 2h hours at Westerly,
Rhode Island. Many other areas in central Rhode Island recelved
over 8 inches of rain in about 18 hours. Table 1-2 shows rainfall
amount at g number of coastal southern New England locations.

TABLE 1-2

EXCESSIVE RAINFALL ASSOCIATED WITH
HURRICANES OR TROPICAL STORMS FOR
COASTAT, SOUTHERN NEW ENGLAND LOCATIONS

Accumulated Rainfall in Inches
Storm  Total
Location 3-Hour 6=Hour Ll2-Hour 24~Hour Total Hours

5-7 October 1962 (Hurricane Daisy)

Kingston, R. I. - - - 2.2 5.4 -
Providence W. B,
Airport 1.7 2.6 4,8 6.6 0.5 57

20-21 September 1061 (Hurricsne Esther)

605 7.1 -

Kingaton, R. . - - -

Block Islend, R. I. 3.0 W2 6.0 T3 7.3 2h
Providence W. B. -

Airport Tk 2.3 3.7 4.9 k.9 24

11-12 September 1960 (Hurricane Dorma)

New Haven, Conn. 2.9 ko 4.9 5.3 543 2h

24 Qctober 1959

‘New Haven, Conn. 3.0 3.1 3.2 3.3 - 15

16 October 1955

Kingston, R. ' I- - - - 3.1
Block Island, R. I. 3.0 4,2 6.2 6.3



TABLE 1-2 {cont.)

Accumulated Rainfall in Tnches
: Storm Total
Location 3-Hour 6-Hour 12-Hour 24k-Hour Total Hours

18-19 August 1955 (Burricene Diane)

Kingston, R. I. -

- - 2,2 3.1
Providence, R. I. 2.7 2.9 3.1 5¢5 6.1 39
New Haven, Conn. 1.5 2.4 2.8 3.2 2 33
12 August 1955 (Hurricene Connie)
Kingston, R. I. - - - 5¢3 5T -
Block Island, R. I. L.k 2.4 2.7 3. 3.7 29
New Haven, Conn. 0.9 1.2 1.6 3.2 345 26
11 September 1954 (Hurricene Edna)
Kingston, R. I. - - - 5.5 5.5 -
New Bedford, Mass. L.k 2.8 3.3 3.5 3.k 15
Woonsocket, R. I. 3.2 4.8 5.8 6.3 6.3 15
Providence, R. I. 2.3 3.3 3.9 L.h hoh 15
New Haven, Conn, 2.5 3.5 L. 5.5 5.5 15
30-3% August 1954 (Hurricene Carol)
Kingston, R. T. - - - 2-9 2.9 -
New Bédford, Mass. 1.1 lo3 109 li9 l|9 13
Providence, R. I. 1.6 1.9 2.7 2.8 2,8 13
Woonsocket, R. I. 2.4 3.2 3.9 k.0 k.0 13
12-15 September 1044 (Hurricane)
Kingston, R. I. - - - 2.4 L.h -
Providence, R. I. 3.6 4.7 h,7 5.6 8.4 52
New Bedford, Mass. 1.5 1.8 1.9 2.1 3.k 52
New Heven, Conn. 3.1 3.9 4.0 k.0 8.5 54
Portsmouth, Ro Io - 103 loll' 217 )-['03 )'I'O



TABLE 1-2 (cont.)

Accumulated Rainfall in Inches .
' Storm  Total

Location 3-Hour 6~Hour 12-Hour 2h-Hour Total Hours

15-21 September 1938 (Hurricane)

Kingston, R. I.

- - - 1.3 2.8 -
New Bedford, Mass., Ok 0.5 0.9 1.1 2.2 -
PrOVidence, R. I. 005 O¢6 1.0 L.l 3-1 73
Nentucket, Mass. 2.4 | 3.8 4.0 4.0 - -
New Haven, Conn. 2.6 2.7 3.3 6.1 11.1 T3

16-17 September 1933 (Hurricane)
Kingston, R. I. - - - 2.7 6.0 -
Biock Island, R. I. 1.1 1.8 2.6 3.7 6.l TO
Providence, R, I. 1.1 1.5 1.9 2.1 - 10
Boston, Mass. 2.2 345 5.0 5.6 7.8 4o
~ 16-17 September 1932 (Tropical Storm) .
Westerly, Ro ‘ I| - - 120 l 1201* -
SCitua.te Dam, Ro I. - - llo)‘l'+ :L:Log* -
Kingston, R. I. - - - 6.24 8.3% -
Providence, R, I. 3.0 hol 5.3 6.2 6,2 18
Block Island, R. I. 1.7 2.6 3.3 4.3 k.3 18
3 September 1028
Xingston, R. I. - - - 3.0 3.0 -
Block Island, R. I. 3.1 3.3 4,1 bl b1 -
12-14 July 1897

New Haven, Conn. - 3.0 543 5.9 8.6 60
Bridgeport, Conn. - hoh Te3 8.1 - 60

* No recorder station reported more than
2k hours of rainfall for this storm



The total rainfall associated with recent hurricanes that have
caused tidal flooding in Point Judith ares are 2.3 inches in
September 1938, 4.0 inches in September 1944 smd 3.0 -inches in
August 1954 (burricane Carcl).

The watershed surrounding the Point Judith ponds and the
Saugetuckett River is very sluggish in producing high discharges.
There are no streamflow records for the Saugatuckett River. The
nearest gaged drainage area with topographic features comparable
to that of the Saugatuckett River is the Wading River. Gaging
stations on the Wading River are located at West Mansfield and
Norton, Massachusetts approximetely 4O miles north of Point Judith,
with drainage areas of 19.2 end 42.% square miles. The gaging
station at West Mansfield has only been in operation since October
1953 while the Norton gage has been in use since June 1925. The
Wading River at Norton, Massachusetts was used as a gulde in deter-
mining the l0-year peak inflow in c¢fs per squere mile. The topo-
graphy of both areas is low and flat with numerous lekes, swamps
and forests which are conducive to low runoff snd relativély long
perlods of concentration. '

The total storm rainfall of 13.05 inches experienced at -~
Mensfield, Massachusetts during hurricane Diane in August 1955,
resulted in a flow of 1,170 cfs (27.6 cfs per squere mile) and 519
efs (27.0 efs per square mile) in the Wading River at Norton and
West Mansfield, respectively; whereas in a number of other New
Englend river basins, flows of over 500 c¢fs per square mile were
caused by nearly similar rainfalls during this seme storm, Hurri-
cane Diane caused no tidal flood surge in the Point Judith area.

The dlscharges in the Wading River at Norton from rainfall ante-
cedent and colncident with recent hurricanes which csused tidal
flooding in the Point Judith area are listed below:

Colncident Discharge

Hurricane cfs cfe/sq.mi.
Septenber 1938 180 4,25
September 194k 137 3.25
August 1954 (Carol) 27 0.6%
September 1960 (Donna) 26 0.61
10-Year Peak Discharge 690 16,3



8. EFFECT OF RAINFALL ON POND LEVELS

For design purposes a rainfall and watershed peak discharge fre-
quency of a l0-year return period was used concurrent with a peak
hurricane induced tide inside the Point Judith ponds. Total runoff
for different time periods was 1l.15 inches for 15 minutes, 2.9 inches
for 3 hours and 3.5 inches for & hours. Based on Wading River records
at Norton, maximum discharge from the 25 square miles of land water-
shed above the Polnt Judith ponds was considered to average 40O cfs
for the entire tide perliod. The direct inflow from rainfall on the 5
square miles of pond areas varied from 14,800 efs during the 15 min=
utes of maximum rainfall, assumed to be concurrent with the meximum
pond level, to under 500 cfs at the beginning of the hurricane tide.
Rainfall on the pond areas was much more significant in affecting the
pond levels than the rainfall on the land watershed.

The combined fresh water and salt water inflows through the
breachway was routed into the ponds to determine the maximum pond ele-
vation (see paragraph 22). The routing was then repeated using the
salt water inflow only and the difference indicsted that the fresh
water inflow railsed the pond level by approximately O.4 foot over that
of the salt water inflow alone.

PART II - TTDAL EYDRAULICS

NORMAIL. CONDITIONS

9. NORMAL TIDES

Two high and two low tides occur each lunar day in the Point
Judith area. At Matunmuck and in the Point Judlth Harbor of Refuge
the meen tide renge is 3.1 feet, with mean low water 1,45 feet below
mean sea level and mean high water 1.65 feet above mean sea level.
Spring tides have an average range of 3.9 feet and a meximum range
of sbout 6 feet. A maximum spring tide will reach an elevation 4.6
feet above mean low water (1.5 feet gbove mean high water). The time
interval for a complete tidal cycle asverages about 12 hours and 25
ninutes., '

At Galilee and Jerusalem, within Point Judith Pond just north of
"The Breachwsy,” and in the Upper Pond the mean tide ranges are 3.0
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and 2.9 feet, respectively. In Potter Pond the mean tide renge is
1.0 foot, while in the Potter Pond channel at the highway bridge the
mean tide range is about 1.5 feet. Maximum tidal currents are less
than 1 knot in the entrances to the Harbor of Refuge between the
breskwaters, but asverage 2,9 knots on the flood and 2.7 knots on the
ebb through the entrance to Point Judith Pond at "The Breachway."
Tidal data for the Point Judith ares are summarized in Table l1-3.

Tidal predictions are given for 19 locations in the Narragsnsett
Bay area in the yearly publication of the U. S. Department of Commerce,
Coast & Geodetlc Survey, entitled "Tide Tsbles, Bast Coast, North and
South America."

10. RECORDING TIDE GAGES

Data on the 12 recording tide gages in the Nerragsnsett Bay area
are given in Table l-h. Six of these gages are presently in operation
and six have recently been removed as indicated in the table. The
locations of these gages are shown on Plate 1-2. Gage ldentification
nuﬁbers,has indicated on this plate, correspond to the item numbers in
Table 1-4.

1l. FACTORS INFLUENCING TIDES

Tides are subject to meteorological influences such as changes in
atmospheric pressure and strong winds, besldes the normal gravitational
effects of the sun and moon. A drop in barometric pressure of 1 inch
of mercury will cause sbout & 1 foot rise in water levels. During
coastal storms tide levels often build up several feet above the pre-
dicted elevations,

EXPERTENCED HURRICANE AND
SEVERE STORM TIDAL FLOODING

12, RECENT HURRICAWES AND SEVERE STORMS

In the last 26 years the Rhode Island coast hag been subjected to
3 major hurricanes, severe tidel flooding from the hurricane of 21
September 1938, from hurricane Carol on 3L August 1954 eand moderate
flooding from the hurricane of 14 September 194k, The 1938 and 195k
hurricanes followed paths 60 and 30 miles, respectively, west of Point
Judith, thereby placing the Point Judith ares in the sector of the

10



TABLE 1=3

NORMAL, TIDES - POINT JUDITH AREA
SOUTH KINGSTOWN AND NARRAGANSETT, RHODE ISLAND

Galilee and
Jerusalem, Pt.
Judith Pond

Point Judith

Matumick,‘ So. Sand Hill Cove, Potter Pond, Upper Pond

1T

Kingstowm Narragansett Narragansett 80, Kingstown So. Kingstown
Mean Tide Range
(feet) 3.1 3.1 3.0 1.0 2.9
Meen High Water
(feet above msl) 1.65 1.65 1.55 0.50 145
Mean Low Water
(feet below msl) 1.45 1.45 1.h5% 0.50% 1.h5%
Average Spring Tide
Range (feet) 3.9 3.9 3. 7% 1.3% 3.6%
Mean Spring High
Water (ft. above msl) 2.3 2.3 2.2 1,1 2,1
Predicted Maxlimum
Spring High Water
(feet above msl) 3.15 3.15 3.05 2.0 2.95
Minimum Low Water
(feet below msl) Yo% 4, 0% h.o% - 3.5%

* Estimated
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TABLE 1~k

TIDE GAGE INVENTORY DATA -~ NARRAGANSETT BAY AREA

Location
Block Islend, R. I.
Narragansett, R. I.
Newport, R. I.
Little Compton, R. I.
Narragansett, R. T.
Newport, R. I.

North Kingstown, R. I.
(Quonset Point)

Portsmouth, R. I.
Somerset, Mass.
Cranston, R. I.

Providence, R. I.
(state Pier No, 1)

Providence, R. I,

Type*
A,B,C
A,3,C
A,B,C
A,B,C
A,B,C
A,B

A,B,0

A,B,0
A,B,C
A,B,C
A,B

(Narragensett Electric Co.)

* Type of Gage:

A - Recorder; B - Staff Gage; C - Maximum Level Gage

Period of Record

16 Nov
¥ oot
10 Oct
27 Sept
10 Oct
10 Sept
17 Dec

2k Oct
2L Aug
11 Oct

3 June
Aug

1955 -
1956 -
1955 -
1956 -
1955 -
1930 -
1956 -

1955 -
1956 -
1955 -

1938 -
1956 -

1956 -

To Date
To Date
28 Apr
29 Sept
21 Apr
To Date
To Date

24 Nov
27 Apr
30 Sept

23 June
To Date

To Date

1965
196h
1965

196k
1965
196k
19h7

enc

NED
NED

USCRGS

Narragansett
Electric Co.



strongest and most demeging hurricane winds and where the storm surge
was the highest. The center of the 1944 hurricsne passed directly
over the Point Judith area. The tracks of selected major hurricanes
are shown on Plate 1-3. Minor tidal flooding has also occurred from
o mmber of other hurricanes and severe storms in the past 26 years.
Detalled descriptions of the three major hurricanes of recent years
are given in the following paragraphs.

13. HURRICANE OF 21 SEPTEMBER 1938

The demage caused by tidal flooding from this hurricane was the
highest ever experienced along the Rhede Island coast. An important
factor in determining the height of flooding from a tidal surge is
the stage of the normel tide at the time the hurricane surge arrives
at the coast. The pesk of the hurricane tide srrived in the Point
Judith area sbout 1 hour end 15 minutes before the predicted normal
high tide. Observed and predicted tidal heights in the Point Judith
area during this hurricene are showm in Teble 1-5. The ilncrease in
the hurricane flood levels in Point Judith Pond from the entrance at -
Galilee and Jerusalem at "The Breachway" to the north end of the pond
illustrates the effect of wind setup. Hurricene flood levels in
Point Judith Pond are shown on Plate l-L. Hurricane tide curves at
Matunuck, Send Hill Cove and the entrance to the Breachway, Point
Judith Harbor of Refuge are shown on Plates 1-5, 1-6 and 1-7. The
location mep and hurricane flood levels based on observed high water
merks from the Connecticut-Rhode Island state line to Point Judith,
Rhode Islard are shown on Plates 1-8 and 1-9., During the September
1938 hurricane the U. 8. Coast Guard reported wayves 20 'bo 30 feet
high in the Point Judith area.

The maximum wind velocity in New England during this hurricane
wes a recorded gust of 186 miles per hour at the Blue Hill Observas
tory in Milton, Massachusetts, 60 miles north of Point Judith, which
is the maximum gust recorded in any New England hurricane., A sus-
tained S5-mlnute wind of 121 miles per hour was recorded at the Blue
Hill station. At other locations in southern New England, sustained
S-minute veloeitles ranged from 38 to 87 miles per hour. At Block
Island, Rhode Island the wind sttained a maximum recorded S5-minute
sustained velocity of 82 miles per hour from the southeast and maxi-
mm gusts of 91 miles per hour before the snemometer was blown down.
A maximum Seminute wind velocity of 87 miles per hour from the south~
west and gusts estimated at 125 miles per hour occurred at Providence,
Rhode Island., The maximum gust and meximum l-minute sustained wind
veloclty at Point Judith were estimated at 100 and 90 miles per hour,

13



TABLE 1-5

HURRICANE OF 21 SEPTEMBER 1938

. TIDAL FLOOD DATA - POINT JUDLITH AREA
SOUTH KINGOSTOWN AND NARRAGANSETT, REODE ISLAND

Location

South Kingstown
Matunuck
Potter Pond
Snug Harbor
North End, Point
Judith Pond
Pt. Judith Upper Pond

Nerragansett
Sand Hill Cove
Galilee and Jerusalem,
Point Judith Pond

Location

South Klngstown
Matunuck
Potter Pond
Suug Harbor
North End, Point
Judith Pond
Pt. Judith Upper Pond

Naxrragansett
Send Hill Cove
Galilee and Jerusalem,
Point Judith Pond

1h

Tidal Flood Crest Predicted  Max. Surge

EST Tide Above Pre-

Time Elevation Elevation dicted Tide
(P.M,) (feet,msl) (feet,msl) {feet )

4: 30 12,3 2.0 10.3

s 30 11.8 1.0 10.8

4: 30% 9.8% 1.9 T+9

L 30% 11, 3% 1.9 9.4

l; 30% 11,1% 1.8 9.3

L: 30 10.5 2.0 8.5

h: 30 9.5 1.9 T.6

Predicted Normal Tide

. Low Tide High Tide

EST EST .

Time Elevation Time Elevation
(AM.) T(Feet,msl) (P.M.) (Ffeet ,msl.)
11:15 «1.75 5: L2 2435
-11:15% -0.80 5: hox 1.2
11:15% -1.75 5: L% 2.25

11: 15% =1.75 5: hox 2.25
11:15% -1.75 S: hox 2.15
11:15 =1.75 5: 42 2435
11:15% -1.75 5: hox 2.25

* Egtimated



respectively. The lowest barometric pressure ever recorded in New
Englend was 28.04 inches at Hartford, Connecticut during this hurri-
cane. Hartford is located about 65 miles northwest of Point Judith.
Minimum barometric pressures of 28,66 and 28.90 inches, respectively,
were. recorded at Block Island and Providence. The forward speed of
the hurricane near the Point Judith ares was about 55 knots (63 miles
per hour).

14, HURRICANE OF 1k SEPTEMBER. 194k

The peak of the hurricane tide arrived at the Point Judith area
about 2 heurs and 15 minutes before the predicted normal low tide
and therefore caused only a moderately high stage. Observed and pre-
dicted tidal heights in the area during this hurricane are shown in
Table 1-6.

Wind velocities in the Narragansett Bay area during this hurri-
cane were somewhat less than in the hurricane of 21 September 1938.
At Block Island a maximum l-minute sustained wind velocity of 88
miles per hour from the scutheast was recorded and maximum gusts in
excess of 100 miles per hour were experienced. At the T. F. Green
Airport, Hillsgrove, Rhode Island the maximum l-minute sustained wind
velocity was 49 miles per hour from the southeast end the maximum
gust was 90 miles per hour. Minimum barometric pressures of 28,34
and 28.51 inches were recorded at Block Islend and Providence. The
minimum recorded barometric pressure was 28.31 inches at Point Judith.
The forwerd speed of the hurricane near the Point Judith area was
about 30 knots (34 miles per hour).

15. HURRICANE CAROL, 31 AUGUST 1954

This was one of the greatest hurricanes in recent years and was
exceeded only by the September 1938 hurricene. The pesk of the hurri-
cane tide occurred at the Point Judith area gbout one-half hour after
the predicted normal high tide. Observed and predicted tidal heights
in the area during this hurricane are shown in Table 1-T. The increase
in the hurricane flcod levels in Polnt Judith Pond from the entrance
at Galilee snd Jerusalem at "The Breachway" to the north end of the
pond illustrates the effect of wind setup. Hurricane flood levels in
Point Judith Pond are shown on Plate 1-4, Hurricane tide curves at
Matunuck, Sand Hill Cove and the entrance to the Breachway, Point
Judith Harbor of Refuge are shown on Plates 1.5, 1-6 and 1-7. The lo-
cation map and hurricane flood levels bhased on observed high water
morks from the Comnecticut-Rhode Tsland state line to Point Judith,

15



TABLE 1-6
HURRICANE OF 14 SEPTEMBER 104k

QIDATL, FLOOD DATA - POINT JUDITH AREA

SOUTH KTNGSTCWN AND NARRAGANSETT, RHODE ISLAND

Location

South Kingstown
Matunuck
Potter Pond
Shug Harbor
lorth End, Point
Judith Pond .
Pt. Judith Upper Pond

Narragansett
Sand Hill Cove
Galllee and Jerusalem,
Point Judith Pond

Location

South Kingatown
Matunuck
Potter Pond
Snug Harbor
North End, Point
Judith Pond
Pt. Judith Upper Pond

Narragansett
Sand Hill Cove
Galilee and Jerusalem,
Point Judith Pond

* Estimated

Tidal Flood Crest Predicted Max, Surge
EST Tide Above Pre=-

Time¥* Elevation*¥ Elevation dicted Tide
(P.M,) (feet,msl) (feet,msl) (feet)
10: 15 8.3 -0.3 8.6
10: 15 6|}+ 0.0 6-’-’-
10: 15 6-2 -003 605
10: 15 6.7 =0.3 7.0
1.0: 15 6.6 "01,'" 7.0
:LO: 15 6.5 "'003 6-8
10:15 6.1 «0,3 6.kt

Predicted Normal Tide
High Tide Low Tide

EST EST

Time Elevation Time Elevation
B.M.) (feet,msi) (AM.) (feet,msl)

(15 Sept)

5: 56 1.85 12: 33 -1.15

51 56% 1.2 12: 33% -0.2

5: 56% 1.75 12: 33% -1.15

5: 56% 1.75 12: 33% -1.15
5156% 1.65 12; 33% -1.15
5156 1.85 12: 33 ~-1.15

5: 56% 1.75 12 33% ~1.15

*¥ Based on tidal elevation data for Newport, Rhode Island,
stage related to Point Judith area, Rhode Island
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TARLE 1-7
HURRICANE CAROL, 31 AUGUST 1954

TIDAL FLOOD DATA - POINT JUDLITH AREA

SOUTH KINGSTOWN AND NARRAGANSETT, RHODE ISTAND

Loecation

South Kingstown
Matunuck
Potter Pond
Snug Harbor
North End, Point
Judith Pond :
Pt. Judith Upper Pond

Narragansett
Sand Hill Cove
Galilee and Jerusslem,
Point Judith Pond

Location

South Kingstown
Matunuck
Potter Pond
Snug Harbor
North End, Point
Judith Pond
Pt. Judith Upper Pond

Narragansett
Sand Hill Cove
Galilee and Jerusalem,
Point Judith Pond

"Tidal Flood Crest Predicted Max, Surge
EST Tide Above Pre-
Time Elevation Elevation dicted Tide

(A.M,}) (feet,msl) (feet,msl) (feet)

10: 00 11.9 2.1 9.8

10: 00 11.% 1.0 10.h

10: 00% 9.4 2.0 T.h

10: Q0% 10.9 2.0 8.9

10: Q0% 10,7 1.9 8.8

10: 00 10.1 2.1 8.0

10: 00 9.1 2.0 Tl

.___Predicted Normal Tide

_____High Tide — Low Tide
E8T EsT
Time Elevation Time Elevation

(AM.) T(feet,msl) (P.M.)} (feet,msl)
9: 27 2.15 3:08 -1l.25
O 27% 1.0 - 3: 08% «G.3
Qs 27* 2,05 3: 08% -1.25
9 27T#* 2,05 3: 08% «1.25
Q: 27% 1.95 3: 08% -1.25
o 27 2,15 3:08 ~1.25
9 27* 2.05 3: 08% -1.25

*Eetimated

A7



Rhode Island are shown on Plates 1-8 and 1-9. During the 31 August
1954 hurricane, an oceanographer of the Narragansett Marine Labora-
tory of the University of Rhode Island made wave observations at
Saunderstown, Rhode Island, 10 miles north of Point Judith. IHe
noted 20-foot high waves with lengths of 400 feet and periods of 1l
seconds several hours after the occurrence of peak water height and
wind velocity.

The wind attained a meximum l-minute sustained velocity of 98
miles per hour from the southeast, with a meximum gust of 135 miles
per hour at Block Island. A maximum L-minute sustained wind ve-
locity of 90 miles per hour from the east~southeast, with a maximum
gust of 105 miles per hour, occurred at the T. F. Green Alrport,
Hillsgrove, Rhode Island. A minimum barometric pressure of 28.50
inches was recorded at Block Island and 28.79 inches at Providence.
The forward speed of the hurricane near the Point Judith area weas
about 40 knots (46 miles per hour).

16. FREQUENCY OF TIDAL FLOODING

Although hurricane tidal flooding has been recorded since 1635
in the Narragansett Bay area, records of elevations are meager until
recent years. Chronologlcal liste of both hurricanes and severe
storms that caused tidal. flooding or high tides along the Rhode
Isleand coast through the year 1960 are given in Tables A-1 and A-2
of Appendix A, Water Resources Development, Interim Report, Point
Judith, Rhode Island, 24 January 1962, Since 1960 there have been
2 hurricanes and 6 significant storms along the Rhode Island coasgt.
The two hurricenes, Esther - 2L September 1961 and Daisy - 67 o
October 1962, caused only minor tidal flooding along the New England
coast. The storm of 30 November 1963 was a fast moving southwester
with heavy wave action and winds gusting wp to 90 miles per hour,
causing moderate tidal flooding along the Rhode Islandé coast. The
other 5 storms caused only minor tidal flooding along the New
England coast.

In the preparation of a tidal elevation-~frequency curve for the
Point Judith area, consideration was given to sgimilar data prepared
for Newport Harbor, Rhode Island., The U. S. Coast & Geodetic Survey
has maintained a recording tide gage at Newport Harbor from September
1930 to the present time, and there is good high water mark ele-~
vation data for the 1938 and 1954 hurricanes in this area. However,
tidal variations at Newport Harbor, located in Narragansett Bay, are not
always indicative of the tldes at Point Judith which is exposed to
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the Atlantic Ocean. High water mark elevation data indicates that
the still water tidal flood elevations for the 1938 and 1954 hurri-
canes at Point Judith (Matunuck) were 1.5 and 2.1 feet higher, re-
spectively, than the corresponding elevations at Newport Harbor.

The maximum still water tidal elevation which might be expected
on an average of once a year at Point Judith (Mstunuck) is sbout 1.7
feet higher than the corresponding elevation at Newport Harbor.
These relatively higher tidal elevations at Point Judith (Matunuck)
have generally been confirmed by the Beach Erosion Board model
studies of February 1958 as due to wave setup. Also use was made of
the records of the Corps of Englneers, New England Division, record-
ing tlde gage located at Galilee, Point Judith Pond. The period of
record of this gage is from October 1956 to date. The tidal ele-
vation-frequency curve for Poindt Judith (Matunuck) is based on (a)
observed tidal flood elevations for the 1938 and 1954 hurricanes;
(b) Beach Erosion Board model test data of February 1958; and (c)
Newport Harbor and Point Judith Pond (Galilee) tidal elevation data
stage related to Point Judith (Matunuck}.

The tidal elevation-frequency curve for Point Judith (Sand Hill
Cove) is based on (a) observed tidal flood elevations for the 1938
and 1954 hurricanes; and (b) Newport Harbor and Point Judith Pond
(Galilee) tidel elevation data stage related to Point Judith (Sand
Hill Cove). Sand Hill Cove is located within the Point Judith
Harbor of Refuge. The tidal elevation-frequency curve for Point
Judith Pond (Galilee snd Jerusalem) is based on (a) observed tidal
flood elevations for the 1938 and 1954 hurricanes; (b) records of
the tide gage at Galilee; and (c) Newport Harbor data stage related
to Point Judlith Pond. ' '

The tidal elevation-freqguency curves for Matunuck, Sand Hill
Cove :and Galilee and Jerusalem are shown on Plates 1-10, 1-11 and
1-12, respectively. These represent composite curves based on the
329-year period, 1635-1963, and the 149-year period, 1815-1963,
that influence the upper portion of the curves and the 33~year
period, 1931-1963, for which there is a continuous tide gage record
that determines the lower portion of the curves. The calculated
plotting positions of the points for the tidal elevation-frequency
curves were determined from the following formula.
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1.00(M-0.5)

Y where

1

percent chance of occurrence in any 1 year
number of the event
= number of years of record

HEY W
]

DESIGN HURRTCANE TIDAL FLOCD

17. STANDARD PROJECT HURRICANE

The Standard Project Hurricane (SPH) is representative of the
most severe combination of meteorcloglical conditions that are con-
sidered reasonably characteristic of the region. The basis for the
SPH is a transposition of the September 194k hurricane. This storm,
when located off Cape Hatteras, had the grestest energy of any known
hurricane along the Atlantic cosast.

In deriving the stendard project hurricane, the 19Lkh storm was
transposed so that it would be entirely over water from the Cape
Hatteras area to the New England coast. This change in the track
of the storm resulted in less rise in barometric pressure of the
center of the storm as 1t moved northward than was actually experi-
enced in 19k, The transposed hurricane was assumed to advance in
a due northerly direction at a forward speed of 40 knots with its
center crossing the New Fngland coast at a point 49 nautical miles
west of the entrance to Narragensett Bay.

The U. S. Weather Bureau provided a series of wind fields for
the transposed hurricane from a position off Cape Hatteras until it
dissipated over land. The Texes A & M Research Foundation, in con-
nection with research work conducted by them for the Coastel Engi-
neering Research Center, computed that the transposed hurricane
would caumse a tidal surge of 1;.2 feet at Newport, Rhode Island. The
observed 1938 hurricane surge was 8.2 feet. The ratio of these
surges (11.2/8,4) gives a response factor of 1.33.

The standard project tidal flood surge was obtained by multi~
plying the observed 1938 hurricane surge by the response factor 1.33.
The resulting surge was then added to the sppropriate mean spring
high water elevation to cobtain the tidal flood elevation. This com-
putation is summarized below for Matunuck and Sand Hill Cove.
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Matunuck Sand Hill Cove
{feet) (feet)

Observed 1938 Hurricane Tidal Level,

msl (Stillwater) 12.3 10.5
Predicted Tidal Stage, msl 2.0 _2.0
Observed 1938 Hurricane Surge 10.3 8.5
Standard Project Surge - 13.7 1.3
Mean Spring High‘Water, msl 2.3 2.3
Standard Project Flood Elevation,

msl (Stillwater) . 16.0 13.6

18. DESIGN HURRICANE TIDAL FLOOD LEVEL

The cost of plans to provide protection against flood levels
accompanying the standard project hurricane exceeded the estimated
recurring flood demages. Therefore all plans of protection to these
extreme and rare levels were dropped from further consideration.
Studies of protective works, using the stillwater level of the flood
of record (21 September 1938) as a basis of design, showed that eco-
nomical structures could be provided to prevent about 90 percent of
the estimsted recurring damages of the 1938 hurricane in the Point
Judith Pond area. The selected deslgn stillweter elevations of 12.5
and 10.5 feet msl outside and inside the Harbor of Refuge, respec-
tively, represent the maximum levels reached by hurricane floodwsters
in a 326-year period. At the Breachway where wave setup is smaller,
the design stillwater level is 9.5 feet umsl.

19. DESIGN WAVE HEIGHTS

Design wave heights at Point Judith were based on wave studies
made by the Department of Civil Engineering of the Massachusetts
Insvitute of Technology under a contract with the U. 3. Army Engineer
Division, New England to investigate certaln aspects of the design of
a hurricane barrier for the east passage of Narragansett Bay, Rhode
Islend. One of the objectives of the investigation was to determine
the size of wind generated waves to be expected to strike the barrier
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and to select the design wave. Details of this study arve presented
in Hydrodynamics Laboratory Report No. 66, February 196Mk,
Mzssachusetts Tnstitute of Technology, titled "Study of Hurricane
Barrier for Lower Narragensett Bay."

After investigating both the wave-gpectrum method and the sig-
nificant~wave method of predicting wave heights, 1t was decided that
due to the extensive dats on which the significant-wave formulae are
based, including some data for high wind velocities, that the sig-
nificant-wave method would give satisfactory results. The computa-
tions of significant wave heights and periods were carried out on an
TBM 1620 digital computer using the wind fields of the transposed
September 19hL hurricene approaching the Rhode Island coast with a
ho-knot forward speed. FPlate 1-13 shows the wind fleld located to
produce maximum winds in the Point Judith area.

The design wave helghts at Point Judith are based on a signifi~
cant wave height of 26 feet and a period of 12 seconds. Wave heights
at the toe of the protective works have been calculated on the pre~
mise that the maximuwp height that can be sustained is 0.78 times the
depth of water at the toe. These heights varied from O to lh.b feet
along the exposed coast at Matunnck-Jerusalem and also within the
Harbor of Refuge at (alilee~3and Hill Cove. Wave heights wounld,
theoretically, become zero on the berm of the structure when the berm
elevation is at desigon stillwater level., Most of the wave energy
would be dissipated on the beach slopes, bul there would be some up-
rush of water on the berm.

Wave heights in the entrance channel at the Breachway where the
control structure is located are estimated at & feet. The wave energy
that would be carried through the 150-foot opening would be dissipated
rapilidly by diffraction and refraction in the relatively broad and
shallow areas of Point Judith Pond.

Wave heights within the pond would be about 2 feet in the Galilee-
Jerusalem area immediately behind the protective works and would re~
generate to about 4 feet in the northern portion near Wakefield. These
heights represent a reduction of 5 feet at the southern portion and no
change at the northern end as a direct result of hwrricane protection
improvements, :

20. MAXIMUM WAVE RUNUP AND TOP ELEVATION OF STRUCTURES

Runup values were calculated for numerous locations on the pro-
tective structure by the method outlined in "Wave Runup on Composite
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Slopes" by Thorndike Saville, Jr., Coastal Engineering Research
Center, Washington, D. C. using wave heights ranging up to the sig~
nificant wave height of the desipgn storm. Different combinations
of composite and simple slopes and berm widths were designed to
prevent overtopping of the protective structure. It was assumed
that the runup on rock slopes would he reduced 50 percent hecause
of the roughness factor.

Water transport by waves running through the 150-foot wide
navigation opening would have negligible effect in raising the water
level within Point Judith Pond.

The selected hurricane protection plan and sections shown on
Plates l~1l and 1-15 for the Point Judith area consist of composite
slopes and concrete walls with top elevations varying from 13.0 to
22.0 feet msl. The breachway control structure is shown on Plate
1~16. The meximm wave runup and top elevation of structures are
shown in Table 1-8.

MODIFIED FLOOD LEVELS

2l. GENERAL

Water levels within Point Judith, Potter and Upper Ponds will be
kept below damage levels for all hurricanes of record by narrowing
the breachway opening to the 1l50-~foot width of the authorized channel
with concrete sbutments and rock dikes. The protective structures
along the beaches would prevent all stornm induced flow over the
veaches into the ponds. The waterway ares of the Breachway was de-
signed by tidsl flood routing computations to gilve the required re-
ductlon in hurricane tidal flood levels within the ponds and to insure
that under normal conditions there would be only a slight increase in
the currents in the opening and no noticeable change in the tidal
range. The hurricane protection improvements in the plan would pro-
vide protection along the exposed coast and shore of the ponds against
the design storm level, equivalent to that of the 1938 flood of
record. Flow through the Breachway control structure and fresh water
inflow from rainfall runoff would combine to produce modified tidal
Tlood levels behind the protection during hurricene tidal floods. An
analysis was made of each of these factors to determine thelr com-
bined effect on hurricane tidal flood levels.
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TABLE 1-8
MAXTMUM WAVE RUNUP AND TOP ELEVATTION OF STRUCTURE

Blevation - Maximum Runup
Ground at Wave Helght
Location Toe (Ave,) at Toe (Max.)¥  Helght Flevation
: (Feet ,msT) {feet,nsl) (feet) (feet) (feet,msl)
Matunuck Beach .
Station 0300 to 3425 16.0 to 20,0 -~ 10.0 2.0 2.5 15,0%%
Station 3425 to 31400 20.0 0.0 9.8 6.5 19.0%%
Station 31400 to 43400 20,0 0.0 9.8 6.8 19.3%%
Station 43400 to 50400 20.0 ~0.3 10.0 6.7 1o.2%%
Fast Matunuck State Beach
Station 50400 to LOO¥00 17.5 -6.0 b bl 16.9%%
. Beachwey Control. Structure ' _
Station 102§70C to 104475 16,0 $6.0 5.1 3.2 15, T#%
Station 107460 to 112465 16.0 $7.0 2.7 3.3 13, 8%%x
Galilee )
Station 113425 to 115420 16.0 $6.0 3.6 33 13.5%%%
Station 124400 to 139400 22,0 +0.3 8.2 11.4 21, O¥E%
Sand Hill Cove State Beach
and Sand Hill Cove o
Station 139400 to 157400 17.0 -2.0 6.8 k.5 15.0%%%
Station 157400 to 172450 - 1ko0 -4.6 2.0 2.8 13, 3%¥x
2.0 1.5

Station 172450 to 178425 1%.0 to 13.0 8.0 12,0%%%

* Based on breaking wave height, Hp w 0.78d, where d = water depth at toe of structure
#*% Based on design stillwater level 12.5 feet msl
*¥¥%¥% Based on desigh stillwater level 10.5 feet msl



22. EFFECT OF BREACHWAY CONTROL STRUCTURE

After the construction of the barriers and dikes the main access
of tidal fioodwaters to the Point Judith and Potter Pond areas will
be through the Breachway control structure. The amount of inflow
through the Breachway is dependent largely on the height and duration
of the hurricene tide. While the August 1954 hurricane tide was
slightly lower than the 1938 hurricane tide, its longer duration
would permit more water to flow through the Breachway and thus raise
the ponds to a higher elevation. The 1954 hurricane tide was there-
fore used in the evaluation of the effectiveness of the Breachway
control structure. The effect that the recommended system of pro-
tection would have had on the 1938 and 1954 hurricane tidal floods
in this area is given in Tables 1-9 and 1-10, Tide curves for the
hurricanes of 1938 and 1954 at the entrance to the Breachway, Point
Judith Harbor of Refuge, are shown on Plate 1-7. The hurricane tide
at the entrance to the Breachway was routed through the opening using
the following formula. '

Q@ = GA|52gH in which

Q@ = flow in cfs

C & coefficient of discharge

A = area of waterway opening in square feet

g = acceleration of gravity = 32.2 feet/seconcl2
H = head causing flow through the opening in feet

The coefficient C was estimated to be 0.7 based on the resulis of
tests swmarized in an unpublished report of the Waterways Experiment
Station, Vicksburg, Mississippi.

The flood levels in Polnt Judith Pond for hurricane Carol, 31
August 195%, are shown on Plate 1l-k. Natural flood levels and flood
levels modified by the flow through the Breachway control structure
and the fresh water runoff are both shown on this plate. The natural
flood level profile is based on high water mark elevetion data. The
effect of wind setup in Point Judith Pond is illustrated on the pro-
files by the increase in flood ievels from the entrance to the pond
at the Breachway to the north end of the pond.
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TABLE 1-9

EFFECT CF WATER RESOURCES DEVELOPMENT PROJECT ON
HURRLCANE FLOOD LEVELS « POLNET JUDLIH AREA
HURRICANE OF 21 SEPTEMBER 1930

Fiood Levels _
Without Flood Levels
Locality Barriers With Barriers  Reduectlion
(feet,msl) (feet,msl) {feet)
South Kingstown
Matunuck 12, 3 6| 0 6- 3
Potter Pond 11.8 6,0 5.8
Snug Harbor 9.8 6.0 3.8
North End, Point
Judith Pond 11.3 7.5 3.8
Pt. Judith Upper Pond 11.1 Te3 3.8
Narragangett
Sand Hill Cove 10.5 5.7 4.8
Galilee and Jerusalem,
Point Judith Pond 9.5 5.7 3.8
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TABLE 1-10

EFFECT OF WATER RESOURCES DEVELOPMENT PROJECT ON
HURRLCANE FLOOD LEVELS = POINT JUDLTH AREA
~ T HURRICANE CAROL, 31 AUGUST 105%

Flood levels '
Without Flood Levels
Locality Barriers With Barriers  Reductlon
(feet,msl) {feeb,msl) (feet)
South Kinggtown
Matunuck 1.9 6.9 5.0
Potter Pond 1.k 6.9 4,5
Snug Hsxrbor 9k 6.9 2.5
North End, Point
Judith Pond 10.9 8.4 2.5
Pt. Judith Upper Pond 10.7 8.2 2.5
Narragansett
Sand Hill Cove 10.1 6.6 3.5
(alilee and Jerusalem,
Point Judith Pond 9.1 6.6 2.5
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MODIFIED VELOCITIES IN NAVIGATION OPENING

23, NORMAL TIDES AND CURRENTS

To determine the effect of the Breachwsy control structure on
currents and tidal levels during normal tides, a mean tide with a
range of 3.1 feet was routed through the opening. The change in
tidal range in Point Judith Pond was neglizgible. The maximum aver-
age current through the Breachway increased from 2.9 to 3.4 knots
in the immediate vicinity of the restriction. It would be dissi-
pated rapidly a short distance away from the opening.
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